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ABSTRACT 
The ohjective of this paper is to discuss some critical topics related to the development of 
De cision Support Systems f or locational planning. Successful implementation depends on a 
careful preliminary assessment of the type ofsystem required to meet the demand of the end-
user(s). The creation of accurate functional design is essential and should be discussed both 
in the context of the technical requirements and in the context of the end-user(s). Therefore, 
perspectives of different people involved should be taken into account f or the development of 
effective locational analysis systems. This paper outlines an attempt to develop model-based 
GIS for locational planning. Here, the application of a Decision Support System f or retail 
store location planning is outlined 
1 INTRODUCTION 
Product, promotion, price and place are well-known marketing instruments that retailers have 
to seek growth and expansion in business. Marketing instruments give retailers the opportunity 
to attract more consumers and improve viability and profitability. Perhaps the most important 
decision related to these marketing instruments is the location of retail distribution and service 
centers. For retail firms that provide products and services through a network of retail outlets 
location might be considered as a vital element in attracting consumers. The search for the best 
store location requires careful assessment and evaluation of locational alternatives. Retail 
management evaluates locational scenario's during a decision process that often can be 
characterised by iterative phases of search, assessment and evaluation of alternate locations. In 
order to fulfill these management tasks large amounts of data concerning the retail 
environment need to be available and processed using analytical models and decision making 
procedures. The methods and models used to assist store location analysts and decision 
makers vary considerably. Several disciplines, like Management Science, Human Geography, 
Operations Research have contributed to the development of methods and models that might 
offer retailers the possibility to reduce uncertainty and risks in store location planning (Ghosh 
& McLafferty 1987). Computer-based systems might play an important role in assisting 
decision makers with handling large amounts of data and models involved in store location 
analysis. These automated instruments should offer the analyst and decision maker efficiënt 
access to data, methods and models, necessary to generate the necessary information for 
solving store location planning problems. Several instruments or information system 
technologies are available that offer capabilities to store, process and analyse data for store 
location planning. In this context the use of Geographical Information Systems (GIS) seems 
to be evident. The search and comparison of alternate locations concerns the combination of 
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large spatial and non-spatial datasets. GIS offers the capabilities to store, manage, analyse and 
visualise spatial data. Exploring spatial or geographical patterns of competitors, consumers 
and interactions between them becomes easy through map display and interactive map use. 
The use of GIS technology in combination with computer technologies like Database 
Management Systems (DBMS), Decision Support Systems (DSS) and Expert Systems (ES) 
has evolved to the development of Spatial Decision Support Systems (Densham, 1990). 
Spatial Decision Support Systems (SDSS) offers promising capabilities for retailers to explore 
and solve store location planning problems. 
This paper is primarily based on the experience the authors have with developing Spatial 
Decision Support Systems for urban planning, dispatching and retail store location planning in 
particular. The main objective is to illustrate some important aspects of the fimctional 
requirements, conceptual architecture and technical development of a SDSS for retail store 
location planning. Specific attention in this paper will be given to the integration of GIS 
technology and models. This will be illustrated with a practical example of a GIS-based system 
for sales forecasting in food retailing! The model-based GIS approach offers interactive access 
and multi-perspective views on spatial data and models through visualisation by maps, graphs 
and tables. Modern computer technology offers the possibilities to link these views which 
offers possibilities for interactive exploratory data analysis and modeling. This sales 
forecasting system forms part of a more comprehensive SDSS for retail store location 
planning, called RELEVANT (REtail Location Evaluation and Analysis Tool). 
This paper is organised as follows. First, some general remarks will be made according to 
decision support in retail store location planning . Then, a computer-based instrument that 
might support retail store location planning is discussed with regard to the perspectives of 
(potential) users. This will provide a framework for the development of the system 
RELEVANT. The basic conceptual components of RELEVANT, data, models and user-
interaction, will be discussed in more detail from a functional point of view. Next, the 
integration of GIS technology and a modeling environment will be illustrated in more detail 
using RELEVANT's store sales forecasting system for supermarkets in the Netherlands. 
Finally, some concluding remarks will be made. 
2 DECISION SUPPORT FOR RETAIL STORE LOCATION PLANNING 
Store location planning concerns monitoring the performance of existing retail stores as well 
as optimisation of the existing retail outlet network through expansion (e.g. opening new 
stores). Performance assessment is a continuing task of retail firms to monitor performance of 
existing individual stores and the retail outlet network as a whole. Underperformers, as well as 
overperformers in the outlet network, give signals to retailers that might have implications for 
the retail system. These implications may (in case of underperformers) lead to store closure, 
relocation or reorganisation of in-store attractivity (using marketing planning instruments, like 
price, product, promotion, personel, etc.) or (in case of overperformers) offer opportunities to 
expand market coverage of products and services. Besides increasing market share in existing 
(geographical) markets, the growth strategy of a retail firm could include policies for entering 
new markets. The search for alternate store locations in (existing and) new markets is an 
important planning activity regarding the costs of investment involved in new store 
development. Investments decisions regarding new store locations often require fast answers 
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regarding long-term viability and profitability. Especially in saturated markets, where the only 
possibility to expand is to take-over existing stores, fast access to reliable information about 
future profitability of individual stores and the overall store network is almost indispensable 
for retail decision makers. 
Thus, decision support for investment decisions concerning the spatial retail system is only 
efficiënt if the decision maker has (easy and fast) access to reliable information regarding the 
impacts of decisions on the performance of individual stores as well as the retail outlet 
network. To reduce the risks and uncertainties involved in retail store planning and to support 
retailers in decision making, several analytical methods and models have been developed. 
From a practical point of view, the main use of analysis and modelling methods is adding value 
to information (Clarke 1990). This can take many different forms (see figure 1). The most 
common function of a model is providing a framework for data transformation. In retail 
location planning, these models generate indicators of store performance through combining 
store and population characteristics using some kind of (simple) arithmetic operation. Data 
synthesis and updating refers to procedures to merge and link different datasets, to estimate 
values of missing variables or to update datasets. Monitoring models have a task to monitor 
system performance in time and to give a warning in case the performance of system 
components is exceeding predefined performance levels. Forecasting models generate data on 
future trends (for instance population forecasts). Optimisation models can be charactensed 
with problems of finding optima! solutions by maximising an associated objective function 
considering a priori defined constraints. Impact analysis is a function that models perform in 
order to solve 'what-if' questions. Through changes in the characteristics of the retail system, 
impacts of (potential) actions can be explored (e.g. what if I close a store?). Evaluation 
models help decision makers to develop and evaluate different scenario's. Using multi-criteria 
evaluation methods the generated scenario's can be ranked according to the objectives, criteria 
and weigths of the decision maker. 
Models can perform more than one function. For instance, a calibrated store sales forecasting 
model results in store performance indicators (e.g. expected sales), but can also be applied in 
store sales monitoring, store network optimisation and different types of impact analyses. The 
results from various analytical methods and models will provide retail management with 
additional information for decision-making. This multi-method perspective offers management 
the information needed to take decisions concerning store location problems. Figure 1 
illustrates the relation between the functions and models in retail location planning. 
In order to build a retail location model the elements in the retail system should be defined. 
The components in a spatial retail system can be characterised by three key elements: 
consumers, stores and flows. Consumers are represented by the aggregated demand related to 
per capita expenditures and a residential zone. The expenditures might be disaggregated 
according to the type of goods and services provided and the type of consumer or household. 
The stores are geographically referenced to a location, and can be characterised by the type of 
goods that are available. The flows then, would be the result of characteristics of the 
consumers, stores and transport costs by different modes. 
Any analytical approach to retail location modelling can be described in terms of the retail 
store location system components as illustrated. The methods used to allocate expenditure 
flows from consumer locations to stores differ considerably. Allocation rules can be based on 
simple deterministic assumptions originating from Central Place theory (e.g. nearest centre 
hypothesis), statistical relations (e.g. multiple regression analysis), deterministic mathematical 
programming (e.g. location-allocation models) and stochastic spatial interaction models (e.g. 
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multinomial logit model). It is beyond this paper to discuss in detail the differences between 
the various analytical models developed to support store location planning (for a 
comprehensive overview of store location analyses and modelling procedures see e.g. Davies 
& Rogers, 1985; Ghosh & McLafferty 1987). 
Figure 1 Relation between models and planningfunctions 
Besides techniques to model consumer allocation in relation to a configuration of retail outlets 
(in order to develop a set of choice alternatives for decision making), retailers might use 
models to optimise and evaluate the generated alternatives. Evaluation methods, like multi-
criteria decision models, may support this stage of store location planning. These models rank 
alternate locations or scenario's using multiple criteria and associated weigths assigned by the 
decision maker. Often this stage of the location planning and decision process is a final step in 
order to come to a choice or start up a reiteration of the choice set generation and 
optimisation process. Although, there exists no general procedure for store location decision 
making, two sequenced stages, as mentioned, might be distinguished. The first reconstructive 
stage results in a feasible set of choice alternatives (i.e. scenario's). If this procedure results in 
more than one feasible alternative, a second optimisation stage is needed to select the best 
alternative or scenario. 
A prerequisite for that support this two-stage model of decision making is having access to a 
flexible decision support environment that includes data, methods and models. The use of a 
computer-based system that integrates large amounts of detailed (spatial) data, models and 
offers easy access and 'smart' user-interaction might provide the retailer with the information 
needed to take effective and efficiënt decisions. This paper discusses the possibilities that 
computer-based systems might offer to explore retail location problems from various 
perspectives. This approach consist of giving the location analyst and policy maker c.q. 
decision maker the possibility to interact with various store performance models through 
interaction with a computer-based system. This approach does not offer exact solutions to the 
4 
problems that policy and decision makers are facing, but gives them a set of decision aids to 
explore the problem environment. 
3 USER PERSPECTTVES TOWARDS COMPUTER-BASED SYSTEMS FOR 
RETAIL LOCATTON ANALYSIS AND DECISION SUPPORT 
In Information Technology many types of computer-based systems exist that have the 
intention to support operational and managerial decision making tasks like Data Processing 
systems (DP), Management Information Systems (MIS), Decision Support Systems (DSS), 
Expert Systems (ES) and Exeeutive Information Systems (EIS). The differences between 
these systems is often explained by the level in which decision making is supported. For the 
purpose of this paper a DSS approach is adopted as being a computer-based instrument that 
offers decision makers access to strategie information and indicators based on data and various 
models. These indicators can be compared with the dashboard of a car or the identifiers in a 
cockpit: they support the driver in making decisions concerning vehicle navigation. The 
literature on DSS is rich and many definitions of DSS exist. In the context of this paper the 
functional definition of Mittra (1986) offers a consistent framework: " A Decision Support 
System, DSS for short, is a computer-based information system that helps a manger providing 
him or her with all the relevant data in an easily understandable form. As the user of a DSS, 
the manager formulates the problem by using an interactive and probably menu-driven front 
end. The system then accesses a data base to locate the necessary data, utilizes a reportoire of 
mathematical and/or statistical models and finally produces the desired information at the 
user's terminal" (Mittra 1986). An important component of this DSS definition, besides models 
and user-interaction, is the database. Especially for locational planning problems, a DSS 
should offer possibilities to represent space and the objects in space in order to analyse spatial 
dispersion of consumers and competitors and the flows between them. The technology that 
handles spatial data is known as 'Geographical Information Systems'. GIS is an information 
technology that offers the capabilities to store, maintain, analyse and display these types of 
locational data. The geometrie and attribute features of the objects in retail location planning 
can be integrated by GIS data structures and and displayed by computer geographics (maps). 
Locational objects are connected using geometrical and topological data structures. These 
data structures give easy access to the construction of geographical measures and concepts 
like distance, connectivity, contiguity, accessibility, etc, that form part of location models. At 
the same time map display capabilities of GIS have led to possibilities for interactive modelling 
and exploratory data analyses through computer graphics (Haslett et al. 1990). As such, GIS 
can be considered as a DBMS for spatial data. The combination of DBMS, DSS, ES and GIS 
has resulted in the development of Spatial Decision Support Systems (see Densham & 
Rushton 1988; Densham 1990), as being the spatial equivalent of DSS. 
A DSS approach could play an important role in model-based planning like retail store 
location planning. A vital issue here is how various models can be integrated in a computer-
based system that offers a multi-perspective view on the retail system. For this purpose it is 
necessary to consider the requirements of (potential) users of such a system. Expertise 
regarding the specific characteristics of (locational) data, store location modelling methods 
and the problem environment are often not combined in one individual. Although it might be 
not a comprehensive classification, three types of users can be distinguished: 
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1. the Policy or/and Decision Maker (P/DM); 
2. the Analyst or/and Modeller (A/M); and 
3. the Information Technology Specialist (ITS). 
The three user types involved in DSS development and use, have different needs (see figure 
2). The Information Technology Specialist (ITS) is a professional user of methods and 
techniques applied in raw data processing. Knowledge of conventional DBMS and GIS 
technology are essential for the tasks performed by ITS. The ITS does not necessarily use a 
DSS, but supports raw data processing conceming the underlying DSS databases and provides 
the Analyst or/and Modeier (A/M) with adequate and up-to-date (raw) data. The A/M has 
often a well-defined task: to search for laws in observed choices made by the actors involved 
in locational choice. The A/M needs easy access to models and procedures that generate 
information for decision making. Modelling is an iterative process of model specification, 
calibration and testing. The information might be restricted to estimated model parameters or 
predictions and goodness-of-fit statistics. A model-based GIS supports the central elements of 
the modelling process; dataset selection, model specification, calibration (estimation and 
testing) and model use. The A/M is the often an intermediate that preprocesses data for Policy 
or/and Decision maker s (P/DM). P/DM need a system that generates key information for 
strategie policy and decision making. Good accessibility of model-based information and a 
user-ftiendly interface are key elements for handling a computer by a P/DM. The use of 
computer (geo)graphics is generally acknowlegded as it can be considered as a decision aid in 
itself. GIS technology can play an important role in visualising georeferenced data and making 
graphical interaction through maps accessible for the user. 
TYPE OF USER INFORMATION 
DEMAND 
USER DEMAND TYPE OF 
SYSTEM 
inibrmatioa technology 
specialist 
raw data anarysis and fleribïty DBMS/GIS 
analyst/modeller raw and preprocessed data 
(= information) 
analysisand 
good accessibility 
model-based GIS 
policy/decision maker strategie informarion good accessibility to 
varions models 
(S)DSS 
Figure 2 Types ofusers and their demands conceming (S)DSS use 
The interaction between ITS, A/M and P/DM in the planning process is essential for the 
quality of choices and decisions. The P/DM might need the A/M (or another intermediate) to 
feed the critical stages of the policy decision process with relevant information. This 
information is handled by the P/DM to make final choices or start a reiteration of the process. 
This relationship between A/M and P/DM has impacts for the demands both users have for the 
development of computer-based support systems. As mentioned, above the A/M is interested 
in a flexible modelling system, whereas the P/DM is interested in a flexible system that 
generates strategie information for policy and decision making tasks. In this context, the A/M 
should have access to a model-based GIS and the P/DM to a (S)DSS. A model-based GIS is 
basically a tooi for the A/M to explore and construct spatial models in a visual (geo)graphical 
interactive way. The analyst/modeler is capable to select, query and visualise data and model 
estimates through geographical views (maps). The model parameters and estimates generated 
using a model-based GIS might be input for a policy and decision making process. This 
process is supported with an overall (S)DSS that incorprates several views on the retail 
system. As such, a model-based GIS can be considered as a subsystem of a larger (S)DSS that 
performs a well-defined task. Thus, a model-based GIS forms part of a larger Spatial Decision 
Support System which allows direct interacton between P/DM and the available data, models 
and procedures. The P/DM no longer needs to communicate with data and models through the 
intermediate A/M. This function of (S)DSS gives the P/DM the opportunity to play with the 
planning and decision problem environment (see figure 3). 
POLICY/DECISION MAKER 
DSS S \ v 
methods & mAdok ^ y ANALYST / MODELLER 
^ Model-based GIS k 
i 
t T 
data < > INFORMATION TECHNOLOGY 
DBMS/GIS SPECIALIST 
Figure 3 Interaction between users and the role of DBMS, GIS, models and (SJDSS 
4 RELEVANT: RETAIL LOCATION EVALUATION AND ANALYSIS T O O L 
RELEVANT (REtail Location EValuation and ANalysis Tool) is a computer-based system 
developed to support store location planning in food retailing. RELEVANT consists of a 
detailed database concerning the food retailing system in the Netherlands ( stores, consumers, 
observations, transportation system including barriers like rivers, highways, railways, e tc) , 
various retail location and decision models and a user-friendly interface to interact with data 
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and models. RELEVANT is an integrated system that offers strategie decision making 
functionality for the P/DM as well as flexible modelling functionality for the intermediate A/M. 
As such, RELEVANT might be considered as a hybrid system; the functionality covers the 
demands of two types of users. The integration of data, models and user-interaction 
capabilities of RELEVANT will be illustrated in the context of the user demands and 
requirements in retail store location planning in general and supermarket location planning in 
particular. 
Data 
The data and datastructure of RELEVANT is based on modelling flows between consumer 
and store locations in discrete space. Discrete space is represented by a graph or network of 
nodes that are connected throug intermediate ares. Real-world elements in the retail system, 
like consumers, observations, stores and transportation costs, are represented as nodes and 
links in this network. In order to measure costs and impedance measures between consumer-
store locations, a network topology building facility is available. This facility links the 
location of a selected set of point locations (stores, consumers) to a streetnetwork by adding 
a link from the initial point locations to the nearest position on the network. This results in a 
network datafile which might be used to measure accurately transportation costs between 
origin-destination location using a shortest path algorithm. It is important to notice, that in 
case any geometrical changes (editing ) have been done in the origin or destination database, it 
is advisable to rebuild the network in order to keep the accuracy wanted. An additional 
facility in measuring origin-destination transportation costs is the taking physical barriers into 
account. Especially in food retailing, interactions might be influenced by the occurence of 
physical barriers like railroads, waterways, highways, etc. To restrict interaction flows in the 
network, nodes can be defined as barriers. As a result impedance will increase or become 
infinite. 
Locational data for retail location planning is becoming widely available in the Netherlands. 
The basic georeferencing level of the elements in the spatial retail system is the address and 
postcode level. Recently, this data is available through the Ordenance Survey of the 
Netherlands. The postcode georeferencing system is based on the centroids of the underlying 
parcels. Different levels of postcode exist, depending on the number of digits (6, 5.5, 5 or 4 ) 
digits. At this moment the 6 digit postcode is the lowest aggregation level representing an 
average of 15 households. Besides the parcel-centroid georeferencing system, there also exist 
a grid-based referencing systems. 
RELEVANT can handle data of different aggregation levels. At the moment RELEVANT 
includes (for a part of the Netherlands) a detailed transportation network (NLnetlO), 
transportation barriers (rivers, railways, highways), supermarket store (characteristics) and 
geodemogr consumer data at 6 and 4 digit postcodes and 500 meter grids. Databases are 
the integration and communication mechanisms between the models and might be model 
specific. This implies that for specific models exclusive associated databases exist. (for 
instance, observations for estimation of interaction models). For instance, RELEVANT has to 
handle observations of consumer store choices made in the past to estimate future 
expenditures and sales. This type of data, consisting of origin-destination pairs, is model 
specific. 
Models 
RELEVANT includes several model-based systems that interact with the existing databases. 
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Each of the models or systems covers a different perspective on the retail system. Examples of 
(model-based) systems in RELEVANT are: a regional site selection system, a sales 
monitoring system, a sales forecasting system, a demand forecasting system, a multiple 
location optimisation system, a population forecasting system and a multi criteria analysis 
system. These subsystems perform functions that can support various locational planning 
problems: 
Site feasibility analysis: assessment of feasible market areas using portfolio analysis; 
Sales monitoring: monitor the performance and profitability of stores in time; 
Sales forecasting: estimate and predict store market share and sales; 
Demand forecasting: model to forecast expenditures of population; 
Regression analysis: explore statistical relations between store sales and the charac-
teristics of market area; 
Multi-location model: optimise retail store system using location allocation procedure; 
and 
Multi criteria analysis: rank locational alternatives and scenario's using multiple criteria 
decision analysis. 
User interaction 
An important aspect of SDSS development and use is the accessibility of data and models 
through a computer-based system. Clear presentation of data, modelling estimates and results 
make models, which are often difficult to access, easier accessible and understandable. 
RELEVANT is accessible through a Graphical User Interface (GUI) using multiple linked 
windows. Computer interaction through graphics and symbols, e.g. icons, buttons, graphs, 
maps and linked windows, characterise this approach. The idea of offering multiple views on 
data and modelling results is implemented through visual display of data through maps, 
graphs, tables and graphical, mouse-driven, specifïcation of system variables. Figure 4 shows 
the user interface and main menu of RELEVANT. The main idea of behind RELEVANT is 
that data can always be accessed through maps. Selection, query and display of data through a 
mapping facility, the 'mapview' is always at the users . A 'legend' window controls the display 
in the mapview and visualises the selection of datasets. All the operations seek automatically if 
the necessary datasets are availabe (for instance for estimation of model parameters in a sales 
forecasting model observations and stores should be selected). Selection of data can be 
achieved in two ways. First, data can be selected geographically using the view 'toolbox' .This 
toolbox offers instruments to zoom in/out geographically by dragging the mouse in the 
mapview. This will automatically select all the spatial features of the datasets selected in the 
'legend' window. The second method to select datasets is combining geographically slected 
data with selections on the attributes of features. This is implemented under the menu control 
options. The user interaction through a GIS-like interface is further illustrated in te next 
section. 
In the next section the functional relation between GIS and a retail store sales forecasting 
model is presented as a 'dedicated' GIS. Since 1990 the GIS section of the Department of 
Regional Economics at the Vrije Universiteit Amsterdam has undertaken the development of 
GIS libraries for the development of model-based GIS for location analysis. The RELEVANT 
sales forecasting system is a model-based GIS developed under MS-DOS and recently 
implemented in MS-WINDOWS. 
9 
Figure 4 User interface of RELEVANT 
5 SALES: A MODEI/-BASED GIS FOR STORE SALES FORECASTING 
A computer-based modelling system should support the modelling process and offer the 
analyst or/and modeier a flexible environment to play with data and models. In order to 
develop appropriate models, the A/M should have both domain knowlegde regarding the 
problem, decision and data environment and modeling knowledge regarding model 
specification, parameter estimation, calibration.and output presentation. Often, A/M are facing 
problems regarding the input of models as well the output of models and is it difficult, time-
consuming and expensive to collect appropriate data. Data collection should be a continuing 
process to feed and test models in follow-up research in order to assess actuai model 
performance and update model estimates regarding changes in model parameters in time. 
Regarding the output of models the A/M or intermediate should have expert knowlegde about 
the interpretation of parameter values and goodness-of-fit statistics. The outcome of this 
modeling process is a predictive model with estimated parameters and (a set of) goodness-of-
fit statistics. The model parameters provide little information to the P/DM. The outcome of 
the modelling process should translated to easy accessible information for the P/DM. This step 
requires conversion to decision-related factors and a representation that is easily understood 
by P/DM (see e.g. Cooper & Nakanishi 1988). Presentation graphics and mapping of the 
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final outcomes are the interactions and communication mechanisms for the P/DM to the 
models. Selection, aggregation and classification procedures characterise this step, in which 
errors and problems may occur easily. So, careful consideration of the presentation of model 
outcomes is essential. 
As mentioned, sales forecasting is an important activity in retail location planning and can 
perform several supportive functions (e.g. for monitoring sales performance of existing 
outlets, to predict sales at new site locations or to predict the effects of changes in consumer 
preferences). Although sales forecasting and associated market share models differ according 
to data requirements, theoretical foundation (e.g. disaggregated versus aggregated models), 
estimation procedures, etc, a model building process is a well-defined process that can be 
characterised by a sequence of phases and reiteration procedures. In general this process can 
be distinguished in model specification, data collection, model calibration and testing and 
model prediction. Model specification refers to the selection of the type of model (e.g. 
aggregated versus disaggregated) and the variables included in the model. Calibration is the 
process of estimating model parameters using an an algorithm that optimises some measure of 
fit (e.g. maximum likelihood function). Once the parameters are estimated the overall 
goodness-of-fit of the model is determined using some type of aggregated measure that 
describes the performance of the spatial retail system. Once an appropriate model is found, the 
model can be used in order to assess the performance of the spatial system under consideration 
(model prediction). 
Modelling processes might be supported through data storage and visual display capabilities of 
GIS technology). The visual interface provided by GIS offers interactive access to explore, 
select and transform data and model estimates through on-screen, mouse-driven, operations. 
Figure 5 illustratès a general modelling process and associated phases that might be supported 
using GIS-like functions. 
DBMS/GIS 
modelling 
functions 
dataiet 
telection 4 
anarysis 
locational and non-locational data 
^L *^« ^L *^« ^L ^^ 
model 
spedfieattoa 
GIS 
V f T f 
parameter 
estimation 
interaction with maps through visual display 
Figure 5 Modeling phases and GIS-like functions 
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Each of the modeling phases requires access to a database containing locational and non-
locational data. The process of getting data is automatically activited through the user 
interface. A GIS-like interface supports mapping functions and on-screen access to maps, 
which might have benefits during the modeling process. Dataset selection and analysis can be 
performed as described in the previous section. Model specification concerns the specification 
of a model type, model variables and model-specific components. During model specification 
model-specific data is read in from the database and if applicable displayed in mapform. At this 
moment the necessary data to estimate the parameters is specified. Next, the parameter are 
estimated using an parameter estimation procedure. This step only involves interaction with 
the database and visualisation of parameter estimates through maps is not applicable The 
estimation process, including intermediate and final estimation results, is displayed in a text-
like format. The parameter estimates are stored in the database and can be used to calibrate 
the model. This requires a model run in order to assess some kind of aggregated performance 
measure. Again, the results might be displayed in mapform in order to explore any spatial 
patterns in the expected performance. Finally, if the modeling results are robust, the model is 
ready to support performance assessment c.q. prediction of various alternate retail store 
configurations. Visual display may perform an important function in model use. Editing of 
attribute values and/or locational characteristies of elements in the retail system, being an 
essential step in performing impact analysis, is easily supported through visual display and on-
screen map interaction, 
One of the multifimctional modeling systems implemented in RELEVANT is a model-based 
GIS for retail store sales forecasting. The main fimctions of RELEVANT's sales forecasting 
system are outlined in figure 6. 
Originally, this system has been developed for application in supermarket location planning. 
The objective of this system was twofold: to develop a sales forecasting model for a major 
food retailing firm in the Netherlands (Grothe et al. 1993) and to explore and illustrate the use 
of spatial interaction models for sales forecasting in a GIS environment. The results are not 
only applicable to the food retailing sector, but have general impacts for location planning 
using spatial flow models. The spatial interaction models included in SALES are discrete 
random utility models based on observed choice behaviour (for a comprehensive overview of 
spatial interaction models see Fotheringham & OlCelly 1989; Nijkamp & Reggiani 1992). 
These models have their theoretical foundation in random utility theory. The premise 
underlying random utility theory is that spatial choice behaviour of individual consumers 
depends on the relative utility of choice alternatives (i.e. stores). The relative utility depends 
on the relative attractivity of stores and the spatial separation (eg. transport costs). 
Random utility models take into account the choice sets of individuals. This requires the 
specification of the individual choice sets. If an individual observed choice set is not available 
(often time-consuming to collect), it is possible to construct normative choice sets 
(Fotheringham & 0"Kelly 1989). Constructing normative spatial choice sets requires the 
specification of a cost band (e.g. distance measured along a transportation network including 
barriers). This can easily be supported using the implemented GIS database of SALES. 
Several discrete choice models are implemented in SALES. The most frequently used model is 
the MultiNomial Logit model. Discrete choice models for hierarchical store choice modeling 
are implemented in SALES as well, like the nested logit model and competing destination 
model. Hierarchical store choice models are, from a theoretical and practical point of view, 
preferable to the well-known MNL model (Fotheringham 1986). 
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Figure 6 Menu SALES forecasting system 
Once a model type is chosen, the user of SALES might specify the normative or observed 
choice set, model variables, initial parameter values and estimation procedure (see figure 7). 
Then, SALES starts estimating the model parameters using Newton-Raphson estimation 
procedure and maximum likelihood estimation . The outcome of this step is a set of optimal 
parameter values and estimation statistics. The outcome of discrete choice models is the 
probability that a consumer chooses a particular shop i.e. supermarket. The consumer choice 
probabilities are be computed for each individual consumer-store location. The product of 
choice probabilities and expenditures of consumers will result in aggregated expenditure flows. 
These are summed across the individual stores. The user should save the choice probabilities 
and expenditure flows in order analyse how well the model can predict the observed sales. 
Several measures of goodness-of-fit are computed and immediately displayed in text and map-
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format (e.g. outlier mapping). Once an appropriate model is found, the user may edit the 
database (add a store) and see what the impacts are on the retail system using the caiibrated 
model. The results of the impact analysis should be saved. Then, the evaluation of the retail 
system performance might be done using the SALES 'data analysis' option under 'select stores' 
(using univariate summary statistics) or the additional raulti criteria evaluation system of 
RELEVANT. 
Figure 7 Specification of model type in RELEVANT 
6 CONCLÜSION 
In this paper a GIS-based based Decision Support System has been presented that can support 
retail analysts and decision makers with decision making regarding locational planning 
problems. Decision support for retail store location planning requires fast and easy access to 
large amounts of locational and non-locational datasets and various planning models. This 
approach does not offer exact solutions to the problems that retailers are facing, but gives 
14 
them a set of automated tools ans decision aids to explore and structure their locational 
planning problem solving procedures. Several advantages might be expected from the 
integration of large spatial databases, modelling systems, GIS and DSS technology. These 
advantages will finally lead to faster access of decision makers to strategie information for 
locational planning and decision making. 
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